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[BW1 [PURPOSE] 

7" 9 XVggCOi^?S.f*-Y It performs the dry etching which was excellent 

^t*b<D%lft^<D9&&$:W%k\s in the uniformity within a surface, and 

f^ifih, ^x/N±tBW^ tt reproducibility on the wafer, avoiding the 

fcSSitfcfftiifc. K5-<^yf influence of the radiant heat from the high 

>^£rfr5o temperature chamber wall of a plasma 

apparatus. 



[CONSTITUTION] 

^m/NWSrf^^-f^^x — It non-equalizes the degree distribution of 

9 tf>KftMi£5M&£\ fgttHJW surface inside temperature holding Wafer W of 

yf&)— ttSrtS^Tft 5 <fc 5 IC^ stage 9 so that the heterogeneity of a radiant 

fbi"5o ^^fc&fc. -X t" heat can be offsetted. 

— 9 <Dfaffi\z 2 3&1g£<DtfiWfii Therefore, it provides two refrigerant flow paths 

gl l , 14 §rl^4> fl^tcIS It, 11 and 14 in a concentric circle inside stage 9, 

ftiM<Dl$mU$> 1 1 Mfi*B*tft and makes the outside refrigerant flow path 11 

|Cfiiao?MK. rtfl!lO?Mt8KK supply and circulate through a hot refrigerant 

1 4tcttffiStWlcffi?a©?&«ESr relatively in a relatively low temperature 

LtiS^ii-So 5 i- refrigerant and the inside refrigerant flow path 

XT—i? 9 <Dmm^&-&tfti 14. 

ip$ti&^ • ^ Thus, by the peripheral part of stage 9 being 

^^/*3^rtiS®i>b^fBlt!ft cooled much more, temperature rise of the 

(cJ:S^^^ N WCOjH^^(7)#a peripheral part of the wafer W by the radiant 

*sffi»SH5o "fftfr^ heat from the inner wall face of the plasma 

^W(7)^EtBJf4>*i s *&— fa $ chamber 3 is offsetted. 

tl/, ft ^yJ-Zsfifi That is, surface-temperature distribution of 

DISH'S o Wafer W is homogenized, a uniform dry etching 
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is implemented. 




Parallel-plate RIE apparatus (Example 1) which applied this invention 

mmmmm] [claims] 

[CLAIM 1] 

^fX-e • ^-Y V^rtGO^F^S The plasma-processing method which 
^&|§Mf^#feT~e\ ^7*9 homogenizes surface-temperature distribution 
XV • f- y ^rt{cft«F*ix5 of this base plate by non-equalizing the degree 
SKl-^bTBff^^^^X-^^Of distribution of surface inside temperature 
a^T^^yX-e^a^fetcfe holding said base plate of a stage in the 

plasma-processing method of performing a 
SiIfaSSS:{*:^1" ; 5^x--v ? ^ prescribed plasma processing in a presence of 
Brtfi«^#t«fE«lt«l^^ the un-uniform radiant heat in a plasma 
ttSrtBSR-fSifi: < ; f^— chamber to the base plate maintained in this 
itir 5- ir^J: 9 , RStRO^ plasma chamber so that the heterogeneity of 
Hta^^^Sr^)— iti'ST'y X said radiant heat may be offsetted. 
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[»#S2] [CLAIM 2] 

b&IH^x— v^O^fiQ— feBrt The un-uniform degree distribution of surface 
fi|M(l R^—S^fcllg insjde temperature of said stage is the 
Wc^ittSr^L'rfWWaft^^*: plasma-processing method of Claim 1 which it 
SftKSSiV/SfcttiaKSrW provides by supplying the refrigerant and/or 
ffe-t&C tic <t UfJ-^-fSSS* warming medium from which control 
*S 1 WEScOyy XV^S^feo temperature differs through two or more lines in 

this stage. 

[W#3S3] [CLAIM 3] 

KffB^x— ft Si 1*3 The un-uniform degree distribution of surface 
?flJE4Mfrf^ R^f-^SS inside temperature of said stage is the 
t kmf£^R<DM^t(D?$(DW plasma-processing method of Claim 1 which it 
/hffiPfl^ttSc^JKSr^bTfliJW provides by supplying the heat-regulation gas 
JE^jOM*5SW^ by which control pressures differ through two or 

&Ch\c£ DA^-faSt*® 1 more lines to the micro space between the 
ffiftoyy XV^l^fto surface of this stage, and the back-side of said 

base plate. 

[»**4] [CLAIM 4] 

mfZ^B<D^—feftmiZ The plasma-processing method of Claim 1 
K&0>*®8U£<fc 9 tmjfBT'y which attains homogenization of the surface 
XV • f-jf V/<<Z>rtS®i&fti5 temperature of this base plate by providing the 
if V^iic$BH"f5^^(-. ml degree distribution of surface inside 
fg^x— v^(c*t LT-tO^frSP temperature which lowered the temperature of a 
J: 9 fcjaiRlfU^iafiSrTtf fcffi peripheral part rather than that central part to 
rtt&g#*&ft^i"5-£fc<k said stage when the heterogeneity of said 
9. R£te<^KfiS£>i&-- i ffc radiant heat originates in the inner-wall-face 
fStt^^ temperature of said plasma chamber being 
X-rffia^feo higher than the surface temperature of said 

base plate. 

[»*«5] [CLAIMS] 

|iJfS7 p ^XV^at LT Ky The plasma-processing method of Claim 1 
4 sLyj-yjr&ff 5fB*3@l IE which performs a dry etching as said plasma 
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fcCD^yX^MS^feo processing. 

[»#B6] [CLAIM 6] 

Ig^lcAnf^JS:^ U ft SB A plasma apparatus equipped with temperature 

'C:/^X^£^££i±-5fcfo<£> non-equalization means to make the degree 

-fy XV • "f^ ys< t s distribution of surface inside temperature of the 

SufE7 P yXV • ft^fttS plasma chamber for having heat means in a 

jfc&i&gflr&x'r—i/t, wall part and generating the plasma inside, the 

iS^f-^II^SgMS: stage which maintains a base plate within said 
^Hk^StaS^- plasma chamber, and said stage non-equalize. 

[St*® 7] [CLAIM 7] 

HfffSfi.^^^— ik^&fe. m Said temperature non-equalization means are 

Ux'r— vWcfflWt&S^Sft ^e plasma apparatus of Claim 6 containing two 

S^fect^/*fc{iS^Sr^ or more heat-transfer-medium supply systems 

%£1-&tcfr(DW]k<Dfcmimt$fc for supplying the refrigerant and/or warming 

f$^^£^M#*^6fESi<7>y medium from which control temperature differs 

y XV8| 0 in said stage. 

[ft*«8] [CLAIM 8] 

iffE^S^^— it^^ii, nil Said temperature non-equalization means are 

tiTs'r— i/(D%M tw\WM^L<0 the plasma apparatus of Claim 6 containing two 

M^t(Dm<DWA^f^cU^J± or more gas supply systems for supplying the 

fl(D^fj:Z>jf*$:i&l&-tZ>tc£> gas by which control pressures differ to the 

(DW&(D$ ^Wi^^^t^tn micro space between the surface of said stage, 

6 lEttCDT^ XVgI 0 and the back-side of said base plate. 

[mwmmtenw] [detailed description of the 

INVENTION] 



[0 0 0 1] [0001] 

[MM±<Dm^W] [INDUSTRIAL APPLICATION] 

^f^it^p-tr* This invention relates to the plasma-processing 
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^^>IRfflJPX^^|c:jgffi$^S method applied to the precision-processing 

T'yX^&l^ffiio XTF^tifc fields, such as a semiconductor manufacture 

ffiv^S^^X-v^tSfcilLx # process, and the plasma apparatus which it 

U:S4£±£:jott5 Vy^^yJ- uses for this. 

>y<Di%—&<D\*\±$:mZ>i><D Specifically, it aims at a homogeneous 

Xfo 5 0 improvement of the dry etching on a base plate. 

[0 0 0 2] [0002] 

[t£*CD&fr] [PRIOR ART] 

VLSI, ULS I t^ftr While high integration of VLSI, ULSI, and a 

s<4 x<DMM%Mik&jgft Lxif semiconductor device advances and the 

^ ' '^^(DWHSikffii&Bk-t miniaturization of a design rule progresses, it is 

Z>*P, %<DWUM'JL<D^mffi^ also developing decreasingly the technical 

<DT>boXfo£ K7^x^fy request with respect to the dry etching which is 

^(£#i~5Rffift!ll^t>£"f~£ one of the main techniques of the precision 

-fM&lkLX\s^o Z<D$m#) processing. 

S^irte. ^y^y^f • -7^^ This technical request is achievement of the 

^Ti&ttP[M 3 f^iSiR high selectivity with respect to the etching mask 

tt, MF&^^fM#l4, ^fflfft or a base-material layer, a good shape control, 

s> ^^^iSS, jfi^V — a practical etching rate, low damage property, a 

{£?5^I4, &£F low staining, and good homogeneous and good 

&#*SStt<D»J#-C*>5 0 # reproducibility. 

(£, t&^03&/^ — vo^fijcfc Particularly, achievement of an anisotropy 

fe±mMi£mW\i<D^Xh^jJ shape was demanded of formation of a fine 

'\tJf^(OM^i % M^^tl^ R I circuit pattern among the above-mentioned 

E (fcfo^jry -xyfy^) shape control, and RIE (reactive ion etching) 

flS^OSMfcfciol^Ti^W&S came the leading role for it sure enough in the 

LX^tc 0 L^LRI achievement. 

E?it ^XV^^x^/fy However, in RIE, since the anisotropy is 

ytfxfrbfflffi^tflLtclSWcM, secured from etching gas what is called 

ifcx y*f-i/#1fa t (Dit^RJfc according to an ion assistant mechanism which 

£r-Y $r><Dffi3$^%A'3?<— XiS: promotes the chemical reaction of the active 

il^~<5. V^^S^tV'Tv' type and etching substance which carried out 

* bffifK: Lti5otSMi dissociation generation with the collision energy 

fflltftLTV^fcfe, S^tt^t^ of an ion in the plasma, achievement of an 
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(D^jfckMM^'&OMl&k&^i anisotropy shape and achievement of high 
3ft{Cffi:4g|i£&oTl>5o selectivity are theoretically difficult to be 

compatible. 



[0 0 0 3] 

mmm k mm-r a mm &m 

L X - V Z> mm 



[0003] 

Then, it reduces ion irradiation energy required 
for an anisotropy process by blocking the 
oblique-incidence component of the active type 
with respect to this pattern using the sediment 
which it deposits on the side-wall surface of the 
target pattern. 

The approach of attaining high selectivity by this 
is proposed. 

The film of the sediment which this approach is 
called side-wall protection, and it contributes to 
protection is called the side-wall protective coat. 
Generally as sediment which form a side-wall 
protective coat, the comparatively low object of 
a steam pressure is utilized among the polymer 
which the chemical species which it byproduces 
by dissociation of etching gas generates in a 
gaseous phase by causing plasma 
polymerization, the carbon type polymer which 
it generates when the spatter product of a resist 
mask causes polymerization, or the etching 
reaction product. 



[0 0 0 4] 

tctcL^(Dmmmx -xx k 



[0004] 

However, these sediment are also the factor 
which degrades the reproducibility of a dry 
etching, and a uniformity in one side. 
In manufacture of a semiconductor device in 
recent years, since the occupying area per one 
tip is enlarged by progress of high integration, in 
order to secure productivity, the diameter of 8 



7/11/2005 



8/36 Copyright (C) 2005 The Thomson Corporate 



JP9-17770-A 



1r Z>tz.lb izWM 8 4 y^'h U < inches or the large-diameter base plate more 

i±^ft«±<D^q^K^j^ than it is used. 

btl&o ^^X\ In order to control the quality unevenness of the 

2s$iA>t>1*09 m&fri&^yzftD tip segmented from this large-diameter base 

p p nKtf ibo^^WJU plate here and to secure the yield, it is very 

<9 4:5Si¥:i~5/tfc(C(i N ±tli$9 important to perform control of sediment in a 

(DM'iH&&$fc\S\H(D^ki$tet>fc substrate surface uniformly overall. 

oT^-^cfr o ^ Naturally for homogeneous achievement, a 

l!"Cfo<5o *tt§l$c<^7c#>{c plasma parameter also needs to be controlled. 

7"^ XV • ^ — ^ (D^'J However, the etching reaction and deposition of 

$P£>S^i&l?"C&> ; 5;6^ sediment are the phenomena on the surface of 

^^K^mt^m^m^ a base plate, therefore 

^MfD^MXh^^h^ 2&E?S Uniform control of a substrate temperature 

&(Dlfy—M'$§ti l Wg:?£^7 * — constitutes an important parameter. 

[0 0 0 5] [0005] 

Sfc, /5^^^:P@KtEco^:E Moreover, as a form of the need of performing a 

\Ct>taX$fy^t£ ^yf" uniform dry etching over the whole surface of 

^^fcMiT'j&lgfahs $&M<DM this large-diameter base plate to processing, 

At LX li&Mf&M&iBi^a)^ recent years' sheet-feed processing is in use. 

i£iioTl/^o ^CQi 5 In such conditions, securing of the uniformity 

t£T"Ctt^ SSPffHctetf <5#J— between base plates, i.e., reproducibility, also 

tt> -f^t>h^W(^-(D^%h t£ becomes important compared with the past. 

5fe(ci#LTJIil<t &<S 0 fi^tt In order to secure reproducibility, you have to 

K9-f ^ control accumulation of the sediment into the 

vfy ^ISfStf) ~f 7 XV • ^ plasma chamber of the dry etching apparatus. 

y/^fy^CD^mffitDM^&ffiM It is because plasma conditions are also 

LfrlttUi&5>&V\ &if&&> fluctuated in response to the influence of these 

M\ StfiSrAPX^"5S}ci#^#j sediment, so processing precisions will differ for 

ps^-Y y^fa^M^M^Z) t, ^ every base plate if sediment accumulate in a 

(D^M^^^W^^^Xyy X chamber whenever it processes a base plate. 

t wuummmteo x 5 
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[0 0 0 6] [0006] 

Lfc^ot, TfriggfttCfc^T Therefore, means to control adhesion of the 

teX^XV • J--Yy/<fy%£^<D sediment to a plasma chamber inner wall in a 

*g59PKl^ft^FS:fliffiyi"5¥S:a s commercial apparatus being provided, for 

mCbtiXio^O , TcbTLi-iftM example, heating a chamber wall in 50 - 200 

fc— £fc«fc y^JlSrfcrte degrees C about at a built-in heater is 

±-£5 0-2 0 0t;c7)tSffl~ein performed. 

[0 0 0 7] [0007] 

nt% 0 4 tC^^O^T 1 ?^ Here, the outline composition of the 

iR I E^M(7)ttB&#^cSr* parallel-plate RIE apparatus of the past is 

i" 0 roSfifi, #^l?L4 7£ shown in FIG. 4. 

ii CT^P[lA^fP]{CiftS^^ While the HV exhaust gas of this apparatus is 

£ft<5— ^"^^^VX • carried out in the direction of arrow-head A 

ftUf 4 6 £il DT^PPB^fR] through an exhaust hole 47, stage 49 which is a 

frtbrftfeO^y^-ytf • jS?-<r> lower electrode for positioning Wafer W in the 

tt^p^Stf^X^XV . =j-^i/ plasma chamber 43 which receives supply of 

;<4 3rt(C, tyx.^W&M\IL~i~ prescribed etching gas from arrow-head B 

5 fcftOT^ft®~Cfo3^7 1 -- through the etching gas supply line 46 is 

i/ A 9 /^jIB£tu XV • distributed, it is the apparatus which impresses 

f 3 (7)Jb^Sr^fe5± RF electrical field between the upper electrode 

4 1 t , ^tHcj$\n\'tZ) 41 which serves as the top cover of this plasma 

tg^-r^-^4 9 iooPfltCRFS chamber 43, and this stage 49 that it opposes in 

^£E|WP Lt^7Xv P this, and it makes generate Plasma R 

^SSii^fcSo ±IBRF® The above-mentioned RF electrical field is 

IM^ ^"7^— ^4 9COpg|5(cX impressed by the RF power source 56 

p y**l/# • =i>^7-Vlh 5 5 £ connected to the leg of stage 49 through a 

ft L XW@L £ tl 5 R F H2g 5 6 blocking capacitor 55. 

\Z J: *9 PP^P^fa^o "X9XV • It is insulated by the insulated members 45 and 

ft^4 3 £±§B®£4 It 48 which each interpose between the plasma 

Of^ fcit^XyXV chamber 43 and a upper electrode 41 and 

/< 4 3 i: ^ x — 4 9 t CO (S3 between the plasma chamber 43 and stage 49. 

tt\ #*^££fa5^^pW4 Moreover, heaters 42 and 44 are respectively 

5, 4 8 (Cct ^H^ft-Cl^o provided in the outer wall side of a upper 

$7t, ±9$®® 4 1 iXyX electrode 41 and the plasma chamber 43, 
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• =f-^i//<4 3 (DftMMlZit adhesion of the sediment generated within the 
#*t — ^4 2, 4 4^1S!it^ plasma chamber 43 is prevented. 

[0 0 0 8] [0008] 

±f£;*^~^4 9{i, ISS^y The above-mentioned stage 49 has the 

^y?\cMJ&'i~?>' < < ^ refrigerant flow path 51 in that inside so that it 

§P^?nJKifE8& 5 1 &^il>Xio may correspond to low temperature etching, 

*9 x r<Z>?ftjKiffift5 1 'MiW 5 and it collects the refrigerants supplied to this 

O ^ilCT^RlMi ^fpli-ttlp refrigerant flow path 51 in the arrow-head Mi 

LfcfrjR^. If 5 2 SrlCT direction through the go-tube 50 in the 

^EPM 2 ^t[r]{C|h]iRL> $ arrow-head M 2 direction through a return-tube 

- <7)J£^£m^$tl&V^9-- 52 > and he is tr V' n 9 t0 make jt circu,ate through 

Sr^bTtSS^^S J: 5 tc/^$ them through the chiller which does not have 

tLT^5 0 $.1ts 9 this refrigerant furthermore illustrated. 

(DV^^WtW^^fe^M^-Y v Moreover, the electrostatic chuck 54 is 

5 4^iB$tbTjo l 9 . r>rc^ distributed by the wafer installation surface of 

W£r!£^x— 4 9 ±(C^*f* stage 49, and it has become the design which 

5 r £-e±fE?£SUc£5?p raises the cooling effectiveness by the 

iP^J^Sr^fe^Kf+^^oTV^ above-mentioned refrigerant by carrying out 

5 o contact holding of the wafer W on this stage 49. 

[0 0 0 9] [0009] 

l£tc, 9 Moreover, the micro space between Wafer W 

t <Df$<D'$L'bQm (0 4 -Ctetft and stage 49 (in FIG. 4, drawn very greatly on 

$]<D^&±^ ®#>T;*:£ <}ffi/^ account of explanation) is filled with 

ttTV^S 0 )(c:(iiaiS^f^^?E* heat-regulation gas, and cooling effectiveness 

£tU " $ btc^SP^J^^iSfc?) is raised further. 

J: 5 f::&£;ftTV^o -<£>^.il This heat-regulation gas is supplied in the 

fc^xfi, direction of arrow-head N from the 

*&*5 3^b*BJN^|«aCtt*& heat-regulation gas supply line 53, is 

£tU IMI^"^ 5 4<D$*>b discharged from the pore which carries out 

{CM nT&BILfrbiktii opening to the core of an electrostatic chuck 54, 

r ^frbt%1fr'St = 3--Y 54t for example, and after it turns to a wafer W 
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Btc^iJStLfc^gpSrlRl^R^io peripheral part the groove minced by this 

<fc XF1fokiVt<Dlimnzf& o T $ X electrostatic-chuck 54 surface from this along a 

^W^^SP^lRjttT^Pno^riRl concentric circle and a radial groove and flows 

f^iEixfc^ £MS?L4 7 in the direction of arrow-head O, it is exhausted 

^£ti5o fcSV^Ii, !Mi^ from an exhaust hole 47. 

y ^ 5 4 (7>!>3i^^gffi(7)4kE Or opening of a lot of micro orifices is carried 

ict>tciX#Wt<D'$L/hf£$-}) 7 out over the whole surface of the wafer 

<i X&f$ P £fri^ ZLZL frblwLWi installation surface of an electrostatic chuck 54, 

jfx&j&m $ti?> 94 T^rfclS the commercial apparatus of the type with which 

iSSt^P^tlTV>5>o heat-regulation gas is discharged from this is 

also known. 

[0 0 10] [0010] 

[?&WfcM®:L <fc 5 b-t&W: [PROBLEM TO BE SOLVED BY THE 

H] INVENTION] 

kZZ>X\ K5 4 ^lyf-y^tp Apart from that, even if the temperature in 

co £ zn/NWCDfi^Ji, particular of the wafer W in dry etching is not the 

case where low temperature etching is 

< Hv {fc^K^S&^^^XV assumed, it is more common than the 

HtJfU^J; 5iK;R0>#&S:#Jft heat-resistant temperature of the photo resist 

L"C\ y^.-r^^tL which considers temperature rise of the base 

X^f^^fh^y Or V l/i/X h<D plate by chemical reaction heat or a plasma 

KlfeiaSJ: 0 t>^Hc:i£<R3£ radiant heat, and is used abundantly as an 

£ft5cD;0^iI~C&><5 0 etching mask to be set up low significantly. 

[0011] [0011] 

L^L> !?3i/NW<Z>ffiSiS s -hi£ However, when the temperature of Wafer W is 

<D «t 5 icffli^^tV^SS^ controlled as mentioned above, the wafer W in 

=*=- yJ-yytpW *.s>Wti.77 etching also receives radiant-heat R c from the 

X-^e>tf>H!t$jRp SrSttS plasma chamber wall heated by high 

ir^fc, ^^i/NWct 9 tftj?m(c temperature from Wafer W while receiving 

MWi^ivtzZfy ^ - =f--Yyy< radiant-heat R P from the plasma. 

H^^cO^SItflRc tSit^o Here, the influence of radiant-heat R P from 

r.rT\ zf7X-?Pfrb<Dl&%i Plasma P is considered to attain a whole 

i&Rp (DSZWfe, R^?^ P surface uniformly, if this plasma P meets Wafer 
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ifi $ x^Wi: LT^tSfitK^ W and is irradiating this at all extensively. 

wixSrfiSI^ LTV^K±, However, the influence of radiant-heat R c 

[cJ^)— t from a plasma chamber wall varies on Wafer W 

y^XV »f t^i^^ll according to the distance from this chamber 

^BRc ©»»titt^-YW<S! wall. 

i*?>OEBIIf^JCl>Tl>x^W± That is, radiant-heat R c from the inner wall 

V^ikir&o -ttet>t>^ T 9 ?^ face of the plasma chamber 43 has big 

• ^--r>v<4 3 (DftiSSij^b influence on the direction of a peripheral part 

COHWfi R c £ ^ ^WO ^ rather than the central part of Wafer W. 

[0 0 12] [0012] 

b*>tiff¥^fi, ^^ffctSBt:/ And in recent years, the multi chamber type 

&±X(D%£$fe{kl(Z-lt^X^ ^ti semiconductor fabrication machines and 

; PftM&5X5E£:ffi=5i~5^1IS equipment to which a series of processes are 

<D^M^^ y^ <: fM^M^7^^t made to be made are used abundantly by 

5^ irfCi I? ^ connecting some processing chambers which 

It'C^PIfttSw — take charge of an each different process in a 

jScOJPX^ m&b-f'b'^^'f-J' vacuum conveyance system according to 

^ly/<^<D^MWWt^Mi^ complication of a semiconductor manufacture 

ffl <k 5 t^&oTl^o r. process, without carrying out atmospheric-air 

^7£3W>gS"C?W:* Sfi^ff CO opening of the base plate on the way. 

X?Q{[:$:$5Jti"Z>t£lb\Z$i*<D With the apparatus of this form, in order to 

i&ift^ 3 ^^ Mb£ prevent an enlargement of an apparatus main 

fa<5fifi|p]{c:fo<5 ifis ZL<D^-t\c body, it is in the inclination for each processing 

J: 9 7*7 XV • l/y«Dfi]M. chamber to be made compact. 

MtW&t (D^M^t-'t^iri^ However, the distance of the inner wall face of a 

iff ±3zfi£>cfc 5 4^7X7 • plasma chamber and a base plate approaches 

^-^^/^H^^colll^llftO^^ decreasingly by this, it is not avoided that the 

ti*t£Mik1r£Zh1&&ttbtite influence of the radiant heat from the above 

V \ plasma chamber walls aggravates. 

[0 0 13] [0013] 

d>a>53ISj6>S>tS3l5tt % 0 5M As the past was shown in FIG. 5 from this 

Tp^tLS <fc 5 fcbz.*"r— reason, even if it homogenized stage 
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S^fiiSSriS— itLXh, temperature, it is becoming higher the surface 

WO^BptaSf4 r t , 'Ci x 36 i & WHftSB temperature of Wafer W towards the peripheral 

^faitTIiK&oTio^ ^lO part from the core, and it had become the cause 

^1 hftMWM\Cio\lZ)^y z f'l/ by which this increased the etching rate in a 

^S««:J#*3*SJKHi:fto peripheral part. 

TV^fc 0 £ 'C^^^tt, 2E$£ Then, the large-diameter enlargement of a base 

<Dj:Q&iky i&lEL^ y y ? (D plate, introduction of low temperature etching, 

iA> >y«D^>^<^ Mfc miniaturization of a chamber, etc. cancel the 

^ 2£^iSiSOtJlK#^£^i$J heterogeneity of surface-temperature 

— ffr1~£#*&ilBl£5£B"t" 5 distribution of the base plate resulting from 

KteO^E^M-S^ffi^^^—tt various factors which non-equalize the 

£$??SL, Stfico^BJc^fco temperature distribution on the surface of a 

X Ky yfy^0^7 X' base plate, and this invention aims at providing 

•^4&S£r:J£j— tcfif 5 &<fc the method of performing plasma processings, 

XF : t<Dtcib<D'?7 X-vggSrlS such as a dry etching, uniformly over the whole 

$ki~Z>^ b%:Btf)hir& 0 surface of a base plate, and the plasma 

apparatus for it. 

[0014] [0014] 

[IWlS:<PFfti"S [MEANS TO SOLVE THE PROBLEM] 

>fc3SWfi-h3z£0> @ WSr SIGH'S This invention is proposed in order to attain the 

fc&(cS§^£ti ; 5 £><£>~Cfo£o above-mentioned objective. 

^-f N ^IP^^y^jjiiJ First, the plasma-processing method of this 

fefi^ ^Xv-ft^^ invention is a presence of the un-uniform 

&ffl+f&tf)#feT"£\ radiant heat in a plasma chamber, and is a 

XyX-v • ^^^/^ftJC^if^ method of performing a prescribed plasma 

ttSSte(c^tLT^f^^0'7 P y X processing to the base plate maintained in this 

^^3^tT9^ftTffoo~C\ fifi plasma chamber, comprised such that by 

iE2£^£f;£^i~5^if-- v^cD® non-equalizing the degree distribution of 

rtfiS^^ffiSrSiilSlsltl^co^Fi^ surface inside temperature holding said base 

— ft£rtBl£i~<5 I*t < ft; plate of a stage so that the heterogeneity of said 

~t&ZL tick *) , 1£3&K<£>SK radiant heat may be offsetted, it homogenizes 

fiUi:^^£*&-— ik~tZ) ^(D^Ch surface-temperature distribution of this base 

5>o plate. 
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[0 0 15] [0015] 

^w~C\ mti^y 1 — i? (D^ify— Here, it can provide the un-uniform degree 

ftSftSS^Wfr W\ ^y^T" — i? distribution of surface inside temperature of said 

falcW&^$t&ftLX<frYl$U& stage by supplying the refrigerant and/or 

(D^fc&lfci&tsXTJ/^tcnU warming medium from which control 

w t \c i 9 temperature differs through two or more lines in 

6^ktfX%& 0 this stage. 



[0 0 16] 

T$iJ#PI±^ Oft* 5 fflBS#* £ 

msam^^t * * a r t # 



[0016] 

Or it can also provide the un-uniform degree 
distribution of surface inside temperature of said 
stage by supplying the heat-regulation gas by 
which control pressures differ through two or 
more lines to the micro space between the 
surface of this stage, and the back-side of said 
base plate. 

In this case, the supply system of a refrigerant 
and/or a warming medium may be plural. 
However, it is good even when it is single. 
That changing heat-transfer effectiveness by 
the central part and the peripheral part of a 
stage uses a lot of kinds which are the 
objectives and from which a calorific capacity 
therefore differs of heat-regulation gas can also 
do theoretically the temperature control by such 
heat-regulation gas. 

However, the direction which provides two or 
more supply systems of the heat-regulation gas 
of a single kind, and controls the flow velocity of 
each system is excellent in a control and 
economical efficiency. 



[0 0 17] [0017] 

jfcSo* ±iEffllB;tf;* t LTfiJE In addition, the gas which does not affect a dry 

^fftfcfi ^ y^yPfcifr etching fundamentally as the above-mentioned 

• ^RffSftV^^flSffll^ heat-regulation gas is used, and it can use the 
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Ji N He, Ar ^<D#-#;* coffin gas which makes the same at least one part of 

x-yJ-l/P - $ kjgLj&Wptj: etching gas besides noble gases, such as He 

< t fc— ^£[^C<1~6;tf*£ and Ar, and construction. 

i^5r:i:i5t|5 0 S/c, ^ Moreover, unless it participates in etching, it can 

y^V^tcBB-^LfcV^fillfl (cjo also choose inert gas, such as N 2 , suitably, and 

V>T, N 2 ^O^fiH4#;*fc3S can use them. 

[0 0 18] [0018] 

ir^'Cs i&fB|S£tf?fttf>>F *S— Apart from that, the heterogeneity of said 

ttfiflufE^^XV • 5^ >v<<£> radiant heat originates in the inner-wall-face 

rtSffiiUSi s SftflEffiE^SHfi. temperature of said plasma chamber being 

Si 19 t>iBiV>r. t (c£![3"^<5 w higher than the surface temperature of said 

t fcHrW - 0«t 5 ftifrp KlH^ base plate in many cases. 

mflB^y 1 — ^U^LT-tO^h In such a case, it can attain homogenization of 

9 fcJSiRlflJOi&SSrTlf tc the surface temperature of said base plate by 

1 tc providing the degree distribution of surface 

i •? ^ mWMWL<D^^WLj£<Dlfy inside temperature which lowered the 

— it HI 5 - i ^"C ^ 5 0 temperature of a peripheral part rather than the 

¥£fcf4x ^tcSfjfSy^ Xvfel central part to said stage. 

t L T K7^^^f Srfr 5 This approach is suitable when performing a dry 

Win* WiKliT&So etching as said plasma processing particularly. 

[0 0 19] [0019] 

^f£#J(Cf±, S^OjSiftgp It attains this by lowering rather than the control 

\cWti^&M%<D 1 $M^&$: x ¥ temperature of the refrigerant which supplies 

^(HJtd^JJS-fSftjJI^ftyWfiS specifically the control temperature of the 

<fc *9 &~Rf 5- i'XrwHSrS^ refrigerant which it supplies to the peripheral 

ir&o fcSVMix i/<DM part of a stage to central part. 

W^KW^iri>^WiiJ^<^U^ Or if the control pressure of the heat-regulation 

JE^Sr^^gPtC^t^-f 5 j&fl8# gas which it supplies to the peripheral part of a 

*<0WJffilJE^7«fc 0 tifSftJUf* stage is heightened rather than the control 

tckz.x'r— i?-£M\Cfc>tz.<>X pressure of the heat-regulation gas which it 

i^—^U^<DM^io^/itc supplies to central part, even when the 

fflliLM&W&&HX\/^&W>a-X* refrigerant and/or warming medium of uniform 
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t>x JS^Itff£3ofr5f8l3£&$:{6: temperature are supplied over the stage whole 
it ttr(Z)W^fi;fiftt5r surface even if, it can promote the heat 
h&X*%Z> 0 exchange in a peripheral part, and can make 

this part low temperature. 



[0 0 2 0] 



[0020] 

In addition, homogenization of the surface 
temperature of a base plate is an effective view 
also about CVD or another plasma processing 
called a surface reforming. 
When performing particularly CVD, 
consequently it is sufficient to homogenize the 
surface temperature of a base plate by 
temperature rise not cooling the region 
anticipated too many as mentioned above, but 
temperature raising the insufficient region (that 
is, central part of a base plate) of temperature 
rise too many conversely. 
For that purpose, it raises relatively control 
temperature of the refrigerant and/or warming 
medium which it supplies to the central part of a 
stage. 

Moreover, or it can lower relatively the control 
pressure of the heat-regulation gas which it 
supplies to central part. 



[0 0 2 1] 

(Dffirt £**a-ft £ * 



[0021] 

On the other hand, the plasma apparatus of this 
invention has heat means in a wall part, and is 
equipped with temperature non-equalization 
means to make the degree distribution of 
surface inside temperature of the plasma 
chamber for generating the plasma inside, the 
stage which maintains a base plate within said 
plasma chamber, and said stage non-equalize. 
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[0 0 2 2] [0022] 

r. r. T:\ witi^S.^fi^l— ik^gk Here, said temperature non-equalization means 
miZ^^r— shall contain two or more heat-transfer-medium 

CDM&5ft^fc <£ U/lkfcHm supply systems for supplying the refrigerant 

M%W&i~Z>tc#)<DW.W(?)fcWi and/or warming medium from which control 

^#^|p^$c£'a h <D k1~& temperature differs in said stage. 



[0 0 2 3] 



[0023] 

Or said temperature non-equalization means 
may contain two or more gas supply systems 
for supplying the gas by which control 
pressures differ to the micro space between the 
surface of said stage, and the back-side of said 
base plate. 



[0 0 2 4] 



[0024] 



[ftMl] 



[OPERATION] 

It considers distribution of the un-uniform 
radiant heat which exists beforehand in a 
plasma chamber in this invention, and gives the 
un-uniform degree distribution of surface inside 
temperature which offsets this heterogeneity on 
the stage holding a base plate, therefore, 
consequently the surface temperature of a base 
plate is homogenized over the inside of the 
surface, and it can raise the uniformity within a 
surface of the plasma processing which 
advances on a base plate. 
Particularly when performing a dry etching as a 
plasma processing, it can homogenize a 
chemical reaction velocity and the deposition 
speed of sediment in a surface by restraining 
temperature rise of the base-plate peripheral 
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£rffift-?*!j— - t ti>X*% part under the influence of the radiant heat from 

So Lt^oT, *SSJ4&##Sr the inner wall face of a plasma chamber. 
S Wi-^SigBiPiaSicOT 0 ^ X Therefore, it prevents the etching acceleration 

• f-^ W^rtlcjSV^TtSJKBS by the base-plate peripheral part which had 

ffi£&oTirfc2^JS8fe<B"Ctf> formerly become a problem in the wall-surface 

^ v ^^^iliS SrB&Jt aiming at sediment adhesion heat type plasma 

"T?S?SttOjl5V^ Ky-f ^y^ls chamber, and it becomes possible to perform 

^Srfif5 -ir^pIf^t^So the dry etching whose reproducibility it is 

uniform and is high. 

[0 0 2 5] [0025] 

\%Wfi\\ [EXAMPLES] 

SIT, fc$&91<DM?fc&)t£%'lfoW Hereafter, it demonstrates the specific Example 

ltC^^xnWi~%o of this invention. 

[0 0 2 6] [0026] 

MMMl Example 1 

^MM$lX*t^ Oto^r- In this Example, it demonstrates the 

LT 2^SfieD?frjKift#&^ parallel-plate RIE apparatus which provided two 

ffit&Wftt-W-ff^tRMR I Eg refrigerant supply systems to one stage, seeing 

gfeoV^T. HlSr#J»L*# FIG. 1. 

fetftPJl^So (a) Hfi Here, (a) Figure is the outline sectional drawing, 

•toSEIMfnBH, (b) (b) A figure is X-X sectional drawing of a stage. 

-s^ox-xiftWfSiH-eabSo 

[0 0 2 7] [0027] 

^<^i£fif3\ 7"7X-7 • f This apparatus impresses RF electrical field 

3 <Z)±il£|ft;fa5±gpiM§ 1 between the upper electrode 1 which serves as 

^thlc¥-?flzM\fi1rZ)Z? t the top cover of the plasma chamber 3, and 

< • ^--Y^y<3 rtlc stage 9 arranged as a lower electrode in this 

TSftltSi: LTiBg^tL^^T 1 plasma chamber 3 so that it may meet in 

— i? 9 t <0M£R FS#£BWjq parallel with this, and generates Plasma P. 

U y7X-7PS:MJ*5fc While the HV exhaust gas of the inside is 

<DXfo& 0 ifET^XV • ^-f carried out in the direction of arrow-head A 

>v<3f±, *©rt«$as#ft?L7 through an exhaust hole 7, the 
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S:iiCT$cSJA#|RHCjW^g£|s above-mentioned plasma chamber 3 receives 

M£ti<5— ^"X?x ^y^-yjf • supply of prescribed etching gas from 

#*{fc#M^£fliCT^I?B# arrow-head B through the etching gas supply 

fRl^^^^O^^^^^ • 137s line 6, and is controlled by the prescribed 

0>{fc*&«rStf\ Sr^ffi^tcSiJ^p pressure. 

£tiTV><5 0 ^7XV -f 1 ^^ It is insulated by the insulated members 5 and 8 

/<3 £_Lg|$fltffil <tcQ|B^ 45 J: which each interpose between the plasma 

Xfzfy XV • t^f chamber 3 and a upper electrode 1 and 

— v> 9 £ (7) P^l it , # * £ tL between the plasma chamber 3 and stage 9. 

8(Cct9;fe$i£ Moreover, heaters 2 and 4 are respectively 

ixtV^So -b^PS^l i provided in the outer wall side of a upper 

^5X7 • f-^>v^3 co^miij electrode 1 and the plasma chamber 3, and 

l(Cn&* fc — ^ 2 , 4 ^fjgtt adhesion of the sediment generated within the 

y'v XV • 3 plasma chamber 3 is prevented. 

B^L/ci#?l#jco#^S:E5ihi- Moreover, the above-mentioned RF electrical 

5 J: 5 fC^$tbTV^ 0 field is impressed by the RF power source 19 

±12 R Fl#ji, connected to the leg of stage 9 through a 

l£ y *v v 3r V ? • =2 ^ > blocking capacitor 18. 

111 9(Cit9^JD$tL5 0 

[0 0 2 8] [0028] 

±|fix^ — v^fi, ^M^y^ The above-mentioned stage 9 has two 

>'?1(CMJfc't ; 5' < < ^ ^(Ofy^ refrigerant flow paths 11 and 14 in the inside so 

K 2 ^^(D^Wtk&i 1 1, 14 that it may correspond to low temperature 

§r^LTV^ 0 ZLtit><Dlfo]em etching. 

E§ 1 1 , (b) m<omm These refrigerant flow paths 11 and 14, (b) As 

0{C7p:$tL5 J: 5 (C[W]^R^(^ shown in sectional drawing of figure, concentric 

BB^ixTjo 9 , -fyX-r • circle distributes, stage 9 is made to provide the 

>v* 3 (D^^lcWW^ ti^^Tjk un-uniform degree distribution of surface inside 

^tL&V^y — frb^fri^foM temperature in response to supply of the 

W^^(D^f^m^(DWi^^ refrigerant with which control temperature each 

tt"C\ xx— v>9 ftjg differs from the chiller which is installed in the 

ft?ILS^^£tt^-f>5 J; 5 kzf£ exterior of the plasma chamber 3 and which is 

£tiX^Z> 0 tf 1 not illustrated. 

OSriiDT^PpCi ^|p]{c#t^ Here after the !ow temperature refrigerant 
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fcltf i 3Srii&T$cf?Di # 
«Bl4«:a«Lfc«i:ati 



supplied in the arrow-head d direction 
through the go-tube 10 circulates through the 
refrigerant flow path 11, it is collected in the 
arrow-head C 2 direction through a return-tube 
52, moreover, after the high temperature 
refrigerant supplied in the arrow-head Di 
direction through the go-tube 13 circulated 
through the refrigerant flow path 14, it made it 
collected in the arrow-head D 2 direction 
through a return-tube 15. 



[0 0 2 9] 

i? 9 ±lctt*«#i-5 r t T*± 
BE»«*c J: -5 ?&*P3»* «:«;«> S 

sun mix*i*mw<DU&±. 

mSZft. W&Wt 1 7 CO 

ti. ^^frhfmmj-^v? 5 



[0029] 

Moreover, the electrostatic chuck 17 is 
distributed by the wafer installation surface of 
stage 9, and it has become the design which 
raises the cooling effectiveness by the 
above-mentioned refrigerant by carrying out 
contact holding of the wafer W on this stage 9. 
Moreover, the micro space between Wafer W 
and stage 9 (in FIG. 1, it has exaggerated on 
account of explanation) is filled with 
heat-regulation gas, and cooling effectiveness 
is raised further. 

This heat-regulation gas is supplied in the 
direction of arrow-head E from the 
heat-regulation gas supply line 16, is 
discharged from the pore which carries out 
opening to the core of an electrostatic chuck 17, 
for example, and after it turns to a wafer W 
peripheral part the groove minced by this 
electrostatic-chuck 54 surface from this along a 
concentric circle and a radial groove and flows 
in the direction of arrow-head F, it is exhausted 
from an exhaust hole 7. 

In the above-mentioned apparatus, the radiant 
heat by the radiant heat from the plasma P 
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fdSttS ^9 XV • ^ + >v*3 which the whole surface of Wafer W receives 

(Dmmfr h<D\i—$ mmc ± 5 substantially uniformly, and the heater heat from 

$MWf^#£1-3 0 L;$>U ± the wall surface of the plasma chamber 3 which 

5£<£>ri: < 2^lifc(D]fcMm£%k the peripheral part of Wafer W receives 

<fc 9 ^y 1 — 9 OJSgSPtf* intensively exists. 

J: 5 However, in order for the peripheral part of 

ttTV^Sfcfo, ^^^^WOOMI^ stage 9 to become low temperature much more 

SR-ClifiiB** & (OUttWt<0»m by two refrigerant supply systems as mentioned 

^ ^"r—^ 9 (DM^^<Di&U^ above, in the peripheral part of Wafer W, the 

SPTMBSRSft* influence of the radiant heat from a wall surface 

^^W^^BiaSi^ffirttdfcfco is offsetted with low temperature cooling of the 

T*S— ffcSftSo peripheral part of stage 9, and, consequently 

the surface temperature of this wafer W is 
homogenized over the inside of a surface. 

[0 0 3,0] [0030] 

jyjfjjj? Example 2 

^^Jfi^J"Ctt^ ^KM&J 1 T*±a! In this Example, it performed the dry etching for 

IrfcW-lJW-tRSlR I Egfirt"? carrying out opening of the contact hole to a 

c — C 4 F 8 /A r/COS^ SiOx interlayer insulation film using a c-C 4 F 8 

#*£rffll\, S i Oxlflfti /Ar/CO mixed gas within the parallel-plate RIE 

Alien z/# $ y . /^SrHS q apparatus mentioned above in Example 1. 

t5fefc(OK7^^yf V^Sr In addition, as heat-regulation gas which uses 

froTfco /£jo, 11, an ethanol as a refrigerant which it supplies to 

1 AkzWiv-t&lfcWkk LTUx the refrigerant flow paths 11 and 14, and it 

* / — /^Sr{£ffl U supplies towards the back-side of Wafer W, it 

W^MJCfpjttT^-rsfflSI used He gas. 

[0 0 3 1] [0031] 

#^ffe#J<£>^ -/^v^^fi, The etching conditions of this Example are as 

— ^JirLT, an example, ( ) c-C 4 F 8 - flow 

c - C 4 F s m * 30SCCM 

3 0 SCCM Ar flow • 100 

A r ffi 4 SCCM 
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10 0 SCCM 

com 

100 SCCM 



CO flow 
* SCCM 



100 



£E f) Pressure 

1 0 P a 10 Pa 

R Fa* 7— ft* (RFfll RF power density (RF power source 19) 

9) 0. 8 W/cm 2 0.8W/cm 2 (13.56MHz) 

(13.56 MHz) Inner-wall-face temperature of the plasma 

-f y XV • 3--yI/s< 3 <D ft j| chamber 3 1 50 (degree C) 

BfiSU8 15 0 °C Coolant temperature in the refrigerant flow path 

'ftK«t»l 1 rtOftjKiaa: 11 (peripheral part) 0 (degree C) 

mmm o °c 



?n 1 4rto^^fiS Coolant temperature in the refrigerant flow path 

(■F'frgW 5 °C 14 (central part) 5 (degree C) 

H e #t j£ He supply pressure 

1 0 0 0 Pa 1000 Pa 

£ L-fco It considered it as these. 



[0 0 3 2] [0032] 

wCOIg-eig^jc^tt^^T 1 — V The relation between the stage temperature 

£gi:^x/NW^S£g(Oi attained in this process and the surface 

El 2 (d^-f 0 r r X'iis temperature of Wafer W is shown in FIG. 2. 

^5X7 • ^--r >v< 3 cortiga Here, it has prevented adhesion of the sediment 

Sr 1 5 0 °Cfc:JnfW~'5 r. t (C J: of a fluorocarbon type by heating the inner wall 

«9 — i$ls^<DtfiWfo face of the plasma chamber 3 at 150 degrees 

^Btf^OflltfUC <fc 5 However, in order to prevent temperature rise of 

W(DmUU<D^U^&5±i-^tc the peripheral part of the wafer W by the radiant 

fotc, r ©SB^ttftjffiSEK 1 1 heat from this inner wall face, this part is made 

1*3 &%Mi-%)i&&lf$U^ J: 0 low temperature compared with central part with 

'6 Ift {£ it ^ T {£ ?S £ £ ft T I > the low temperature refrigerant which circulates 

5 0 ^<Oj&i^tP\cX 9S:ig/J> through the inside of the refrigerant flow path 

6©«lt«»cj;5#ffliStB«S 11. 

tl, ^^WOSffifiig^Eft Temperature rise by the radiant heat from a wall 
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\dDtc-oX%}~i[j&intc 0 Z.<D surface was offsetted by this low temperature 
fc#>*±IE cooling, and the surface temperature of Wafer 

; flfcTlS^S:< — {dff 5 £ t W was homogenized over the inside of a 

j6 s "C#* Z.<Dt£j$:% m '—s<'—3Ly surface. 

^ r. t For this reason, it could perform the 

i^V^tCo above-mentioned dry etching uniformly very 

accurately, and, as a result, it was also able to 
restrain the amount of over-etchings to the 
minimum. 

[0 0 3 3] [0033] 
ftj3 Example 3 



^^M$lX*fe, 23&%t<DWiMfJ This Example demonstrates the parallel-plate 

*tt#&^£rKttfc¥^¥t£§! RIE apparatus which provided two 

R I EiggiCoV>Tt5£fj£|"t~<5o heat-regulation gas supply systems. 

fcfcLs • f-\y^<3 However, about the plasma chamber 3 and its 

t-tcoBiiSpE^fCoV^TtillJfe related member, since it is common, it 

Ml £*iifc<0"CK9i£r^l& abbreviates explanation to Example 1, and it 

L v 5^£fflW#*ift)lfe;K demonstrates, seeing FIG. 3 about a stage and 

$c(col^T\ 0 3 Sr#fig a heat-regulation gas supply system. 

t>tft^~t~<5 0 ( a ) mil^-r^—v* (a) Figure is outline sectional drawing of stage, 

OflKBSSfKEk (b) mtZ : t<D± (b) A figure is the top elevation view. 

[0 0 3 4] [0034] 

r. <D7,"r— i? 2 1 fi, jfitll^ y This stage 21 has the refrigerant flow path 23 of 

z 3~>J?teMJfci~Z)^< , -ZOfa a single system in that inside so that it may 

ffitcl£— ^IfcOfrjft&SKft 2 3 correspond to low temperature etching. 

tttV^o r 2 3 This refrigerant flow path 23 receives supply of 

tt\ m^^fr&l^^^-^bS: a refrigerant in the arrow-head d direction 

f 22 £il CT$cR3Gi ^"[p]{C from the chiller which is not illustrated through a 

fttt^ttSESrStt* tttf 2 4& go-tube 22, and collects these in the 

ii CT^PPG2 wHSrEI arrow-head G2 direction through a return-tube 

*K1~5o ^7^2 10 24. 

r>^yNKfiE(^tt#ffl:f--t Moreover, the electrostatic chuck 30 is 

3 O^BE^ftTfcO , >)x^W distributed by the wafer installation surface of 
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Z^x't— i/2 1 Al{z^^%^ stage 21, and it has become the design which 

1~5 r. t "C±iE?n1RM i & ?££p raises the cooling effectiveness by the 

^^£riSfc£i£f+£&oTV > > above-mentioned refrigerant by carrying out 

5 o contact holding of the wafer W on this stage 21 . 

[0 0 3 5] [0035] 

$ bfc. ^xAWixr^2 Furthermore, he is trying for the heat-regulation 

1 b(Dffl(DU4^m (S3T1J gas by which control pressures differ through 

tftKcofft-n^ If ?1 LTfoSo) two heat-regulation gas supply systems to fill in 

fCf± N 2 ^?K0?S.iS^^tt|p^ the micro space between Wafer W and stage 21 

%£&MCXftmE£Jj<Dgfj:Z>m. (for it to have exaggerated on account of 

mjfxft%m£fri& J: 5{Ct££ explanation in FIG. 3). 

ixTV^ 0 -f ftfrfb, f^S^^r That is, opening of a lot of orifice 31a,32a is 

y $ 3 0 <D $ m^ffcgMlcti^ carried out to the wafer installation surface of an 

%L<D$-])7jX3 l 32a electrostatic chuck 30. 

^fflP tip'bW.Ml However, orifice 31a of a group which carries 

3 1 (c|||q-t-3— ^(T^y out opening to central region 31, it discharges 

^3 1 alflaii/^Mf 2 5 the heat-regulation gas supplied from 

SriiCT^PP J zfrft^^Wlp £ arrow-head J through the heat-regulation gas 

ftfcfiW;ff*£JfcUU *fcJH supply line 25, also 

^^H^3 2 fcH Pi~ 5— S¥^0^ Orifice 32a of a group which carries out opening 

y 7 ^ ^ 3 2 a ttfiiBtf to circumference region 32 

If 2 6 ^ilCT^EPH^fp];^ The heat-regulation gas supplied from 

&%££tifc&Mtf*fcMttiii~ ; 5 arrow-head H through the heat-regulation gas 

<fc 5 Mft^tLTl^o #^y 7 supply line 26 is made to discharge. 

^^31a, 32a ^biktU^ The heat-regulation gas discharged from each 

fotz.X^MJ3^\i, ^PK-e^£ orifices 31a and 32a flows toward the direction 

^5 <fc 5 (C^zn/NW^Wi^fp] of a periphery of Wafer W, as shown by the 

^ft/^oT^ti5 0 arrowhead K. 

[0 0 3 6] [0036] 

4*5. *«^fiW#*tlti|&£ 2 In addition, what is sufficient is just to perform 

6 frFiMtytt-t SSMHcfi. ^ heat-regulation gas supply of the direction of 
N3H^T[Ri<^jaSl^f^^#&|iigS arrow-head H from one suitable place, when 
ft 1 ^r0f^5>ff x.ff * fc, making circular the outside heat-regulation gas 
&&0>*V7 4Xt:mn-tZ>ft supply line 26. 
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t>*0 iz y BMf-^ 3 O^fc Moreover, it uses porous ceramics, and 

& fckz_li££lL1g.'E7 5 comprises electrostatic-chuck 30 main body, 

R^xm&L. BMitattO and it is sufficient to make it make 

*B7LA»e>JScffl$*5±5{CLT heat-regulation gas discharge from the pore 

t&VX, fcfctrcoiH^fi, it instead of carrying out opening of a lot of 

£ 3 l orifices. 

3 2 * * However, the design of the etc. in which it does 

x • ypy^fifilU P?:/b not make the gas which flows through two 

?*fflfcig3fc^yir SENSES heat-regulation gas supply systems mix 

#5 r. <b iz «t •? , 2 ^^©?ap mutually is required by comprising the central 
tfx&jfeZktfc&mtiZ, tfx region 31 and the circumference region 32 from 

Mc^^-fr&v^©!^;^ an independent ceramic block respectively, for 

MT'&-5 0 example, and making a barrier suitable among 

both blocks interpose in this case. 

[0 0 3 7] [0037] 

-~T\ II^^i^f2 5, Here, as a method of making the control 
2 6lzm%;irZm.mtfX.<D%m pressures of the heat-regulation gas which it 
ffi^&Ev^gfc h V$>Z>jsm supplies to the heat-regulation gas supply lines 
t LT tt, m* <nmMJS*9i& 25 and 26 differing mutually, it can consider the 
Wt*hmM#x&&fc 2 5, 2 method of making independent completely the 
6 ^Z>ffi$&&$E±lzl&iLlki- flow path which it reaches [ from each 
•S^tS, foS^fi^ilOfiflj^ heat-regulation gas supply source ] to the 
xm&Mfrt>mmiZftt&$lttc heat-regulation gas supply lines 25 and 26, or 
«»*iaW#*#*&*2 5, 2 the method of each connecting to the 
6 ^tl^jKmWttZjjfe^tf heat-regulation gas supply lines 25 and 26 the 
#x.£>*i-5o 111 3 (c^ Ltc&m flow path which made it branch suitably from a 
#*&#o3%8Ef3\ qk%<Dj5>(k\Z common heat-regulation gas supply source. 
ht^5< t©tfco„t^*,, The heat-regulation gas supply system shown 
mmtfx • 2 9 in FIG. 3 is based on the latter method. 

Ztl&Umifxii, W&tD&ip That is, after the heat-regulation gas supplied 
Iz&mzmm&tlZWLfeWtDg from the heat-regulation gas cylinder 29 is each 
ftSE^fr 27, 2 8 J; 9 ^- controlled by the pressure indicators 27 and 28 
hZHmfcnEEX&mmZlnlt with which the setting values connected to 
%.s UffltfxW&'g 2 5 , juxtaposing in the middle of a flow path differ by 
2 6-2gA$tb5o ±mi£t>n the prescribed pressure, it is introduced 
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2 7, 2 8 t LTW\ i^iHS^ respectively to the heat-regulation gas supply 

S*-*t:m^1t 0 ***«-e lines 25 and 26. 

te* ^MWOffllH^^^j&ff 2 6 As the above-mentioned pressure indicators 27 
JdtettSMftPBE^SrffiStWfcilS and 28, it used the capacity type manometer. 
< Ix^LTco In this Example, it set up relatively the control 

pressure in the outside heat-regulation gas 

supply line 26 highly. 

10 0 3 8] [0038] 

frt>>&X7—i?2 lSrEUfc¥ In the parallel-plate RIE apparatus which 

?t¥«3!R I EmmiCis^X distributed this stage 21, by making the control 

f3\ M$MMi$3 2\£joY}&m9S pressure of the heat-regulation gas in the 

#x<Dfflffl&t)iij:b£tlZ>Z. circumference region 32 into size, the flow 

kick*), r. (DUMmz&tfZU velocity of the heat-regulation gas in this region 

(D$tMfcVi± £ ti s increases, and heat exchange is promoted. 

&dHBit£ft5 0 Lfc^oT, Therefore, in the wafer W maintained on this 

l^y 1 — v>2 1 _bicf*^$tb^) stage 21, the influence of the excess radiant 

$ ^WfCfc^Tfi, ^(OMU heat done to that peripheral part is offsetted by 

W^&ff Sn«i8*J*«J*«l© the low temperature cooling effect by promotion 

*#*s»S!»OffiiHc:j;5fifl of heat exchange, and, consequently the 

?n*PaS"etB$i£*U £p*fftfc surface temperature of this wafer W is 

S^x/NW^tfflag^iirtj,: homogenized over the inside of a surface. 



[0 0 3 9] [0039] 

SMMi Example 4 

**J6«T?tt, ^JSW3-C±3£ In this Example, it performed the dry etching for 

L7"c^t¥4KMR I E^gft-C carrying out opening of the contact hole to a 

c -C 4 F 8 /A r/COS^ SiOx interlayer insulation film using a c-C 4 F 8 

#*£JBv\ S i OxSWfig /Ar/CO mixed gas within the parallel-plate RIE 

HIM n ^ fs . /^Sr§g p apparatus mentioned above in Example 3. 

tSfcfc^Ky^x^fy^^ | n addition, as heat-regulation gas which it 

ffo1t 0 f£&^ SiB#*f£#&1? supplies to the heat-regulation gas supply lines 

2 5, 2 6 lcm£i-&UmjfX 25 and 26, it used He gas, and used the ethanol 

t ItiiHe^^fm ft as a refrigerant which it supplies to the 

m$tm 2 3 6 ft« i L refrigerant flow path 23. 
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[0 0 4 0] [0040] 

&M1&&i<D^y = ?'>Jf0*flr\$ % The etching conditions of this Example are as 

—M t Lt, an example, ( ) c-C 4 F 8 

c-C 4 F 8 flc M Flow 30SCCM 

3 0 SCCM Ar flow 100 

A r m * SCCM 

100 SCCM CO flow 100 

c O M * SCCM 

10 0 S CCM 

ffi ^ Pressure 

1 0 P a 10 Pa 

(RFlSl RF power density (RF power source 19) 

9) 0. 8 W/cm 2 0.8W/cm 2 (13.56MHz) 

(13.56 MHz) Inner-wall-face temperature of the plasma 

Zf J XV • ^ ^ >v< 3 (D ftm chamber 3 1 50 (degree C) 

ESS 1 5 0 °C He supply pressure of the central region 31 

3 1 (DH e #tj^J£^ 500 Pa 
5 0 0 Pa 

MW^tft 3 2 (DH e #M&i±;^ He supply pressure of the circumference region 

1 0 0 0 P a 32 1000 Pa 

^^^fESS 2 3 ft IRMS Coolant temperature in the refrigerant flow path 

0 °C 23 0 (degree C) 

£ Lfc 0 it considered it as these. 

[0 0 4 1] [0041] 

^'MMfiUciois^X Also in this Example, restraining the amount of 

^ ^>^*^rft/hPS(C^x./^ over-etchings to the minimum, it was very highly 

SfoTf^tt^T^^tt^ accurate and was able to perform the dry 

MfoZ) h^y-f^yf-y^^ff 5 etching which is excellent in reproducibility. 

[0 0 4 2] [0042] 
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4W<D^M$U£ In the above, based on the Example of four 

fc £ <3V>-CU8,K LfcriS, examples, it demonstrated this invention. 

\tZtib<DMMWlt£fiIh$!kfe& However, this invention is not limited to these 

*bSfcO^W:*V\ tcbx.l$ s Examples at all. 

±j&<DMM$lX+fe Yv^=^y=f- For example, in the above-mentioned Example, 

y^mSKDM&t LtfftW it took up the parallel-plate RIE apparatus as a 

SR I EggSr^ 5 ±lf form of the dry etching apparatus. 

rtl^v^fpyR i Eg However, this may be a magnetron RIE 

lu JiMWi^-l 2 p8^5X apparatus, an owner magnetic-field microwave 

v -x^f y^gf v plasma etching apparatus, a helicon wave 

S^Xv.xyfy^gf^ plasma etching apparatus, or an 

h -5 ^^tWWfin'&y'v • inductive-coupling plasma etching apparatus, 

yfv^gfffcotti^ In addition, alteration is possible suitably also 

V\> -^>flfe^ ^yf-y? with the details of the composition of the dry 

BWL<DMf&<Dfffl^ K7-fx> 7 etching apparatus, the dry etching conditions, 

'f-lsP&Ws WL^y^>{fM<0 the kind of etched layer, the kind of refrigerant, 

SIS, !§Wk<DWM. iSl^O and the kind of heat-regulation gas. 

[0 0 4 3] [0043] 

[ADVANTAGE OF THE INVENTION] 

£t±<7>|ftW^5> fcM J: 5 If this invention is clearly applied also from the 

(c, ^ISP^Srififflf tc t above explanation, even if it is the case where 

*.tf*8l*Off#Sr«iffi!lf 5fc low temperature etching is performed, heating 

feic^yXV • f-^yy<(Dfym the inner wall face of a plasma chamber in order 

ESrAP^ £>{£^ to control adhesion of sediment, for example, it 

^^ff5il^f fcott, will become possible to attain an advanced 

fcUl— tt£W^'l4£:S6Sc1~3 r uniformity and reproducibility. 

kt*nI&bt£Z>o ^<DZktt& It leads to this meaning in other words that it 

Wl~ftff , XV • ^ can set up greatly a temperature difference with 

■Y >v*|*|Jg® £ Offl.gHSr^# a base plate and a plasma chamber inner wall 

< Ix^'C^^r t £r^5fcL* /< face, and enlarging the versatility and the 

— 7V ^ A-1f3<£>§ ftf^p process margin of particle management. 

' ^"^V^rfc^i'S - t This invention contributes to micronization of a 
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(coft/^<So /7X semiconductor device, high integration, a 

^{&M<DM^&it^mCX^m reliability increase, and a manufacture yield 

frr s<4 x (D^Mit, MM^Mik, improvement greatly through high precision of a 

i^lf SiSii^S* 9 [r]±{c plasma processing. 

imm^m^mm] [BRIEF DESCRIPTION OF THE DRAWINGS] 



[EH [FIG1] 

^^MSriiffl LTt^T^PSMR It is the figure showing the example of 1 

I E^g(7)— m^l^Tjk-t 0~e composition of the parallel-plate RIE apparatus 

h <9 , ( a ) 0}2»»rK0, ( b ) which applied this invention. 

Efi-^co^-r— ^OX-X (a) Figure is outline sectional drawing, (b) A 

H$rB0~Cfo3 o figure is X-X sectional drawing of the stage part. 

[0 2] [FIG 2] 

&m$M<nxy L —i?tV *^<Dm It is the graph in which the temperature 

B(-*5tt^)S^^^S:^-t-^ 9 distribution in the stage of this invention and the 

7 ~C fe <5 o surface of a wafer is shown. 



[03] 

m, (b) ian±®ia-c&5o 



[fig 3] 

It is the figure showing the stage of the other 
parallel-plate RIE apparatus which applied this 
invention, and the example of composition of a 
heat-regulation gas supply system, 
(a) Figure is outline sectional drawing, (b) A 
figure is a top elevation view. 



[0 4] [FIG 4] 

t^*(7>¥tT¥fe^R I EgI(D It is outline sectional drawing showing the 

*^c^!IS:*-t"#EB&®f®0-efe example of composition of the parallel-plate RIE 

-5 o apparatus of the past. 



[05] 



[FIG 5] 

cE It is the graph in which the temperature 
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fcfctf ^UM^^tr^ir^ 7 7 distribution in the stage of the past and the 
5 0 surface of a wafer is shown. 



i ±^mm 

6 =*y*f-^# . ^f^#t^ 



[DESCRIPTION OF SYMBOLS] 

1 Upper electrode 
3 Plasma chamber 
6 Etching gas supply line 



9 ^"r—i> 9 Stage 

11, 14, 2 3 ftjffiSEK 11, 14, 23 Refrigerant flow path 

16, 2 5, 2 6 UMtf^fe 16,25,26 Heat-regulation gas supply line 
tpf 17,30 Electrostatic chuck 

17, 3 0 sm^y* 



2 7,2 8 j±^/ff 

2 9 fifStf* • 3j?> — 5 

3 1 (toM^-Yy* 3 0(D) 

3 2 (Wm^Yy^ 3 0(D) 



27, 28 Pressure indicator 

29 Heat-regulation gas cylinder 

31 (Electrostatic chuck 30) Central region 

32 (Electrostatic chuck 30) Circumference 
region 



31a, 32a 7 4 X 

P ^Xv 



31a and 32a Orifice 
P Plasma 
W Wafer 



mi] 



[FIG. 1] 
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JP9-17770-A 




B 



Parallel-plate RIE apparatus (Example 1) which applied this invention 



[0 2] [FIG 2] 




1 — 1 - 1 i_ 

^i/vasgs ousmm 

m±ms 

The temperature distribution in the stage of this invention, and the surface of a 
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wafer 



Temperature 

Wafer peripheral part 

Wafer central part 

The position on a diameter 

Wafer peripheral part 

Surface temperature of a wafer 
Stage temperature 



[S3] 



[FIG. 3] 



(a) 




31 a 



Parallel-plate RIE apparatus (Example 3) which applied this invention 
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[05] 



[Fia 5] 




The temperature distribution in the stage of the past, and the surface of a wafer 

Temperature 

Wafer peripheral part 

Wafer central part 

The position on a diameter 

Wafer peripheral part 

Surface temperature of a wafer 
Stage temperature 



im4] 



[FIG. 4] 
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